When people evaluate the environmental impact of both "environmentally" and "nonenvironmentally" friendly objects, actions, or behavior, their judgement of the total set in combination is lower than the sum of the individual components. The current communication is a personal perspective article that proposes a human cognitive framework that is adopted during evaluations, which consequently results in wrong reasoning and the reinforcement of misconceptions. The framework gives plausible interpretation of the following: (1) "compensatory green beliefs"-the belief that environmentally harmful behavior can be compensated for by friendly actions; (2) the "negative footprint illusion"-the belief that introducing environmentally friendly objects to a set of conventional objects (e.g., energy efficient products or measures) will reduce the environmental impact of the total set; and (3) "rebound effects"-sustainability interventions increase unsustainable behavior directly or indirectly. In this regard, the framework herein proposes that many seemingly different environmentally harmful behaviors may sprout from a common cause, known as the averaging bias. This may have implications for the success of sustainability interventions, or how people are influenced by the marketing of "environmentally friendly" measures or products and policymaking.
Introduction
Climate change is one of society's grand challenges [1, 2] and clearly the global efforts to meet the target of the 2015 Paris climate agreement will be difficult unless public and political opinions reinforce necessary national and international regulations of greenhouse gas emissions. Society now places large quantities of both time and money to focus on developing technological solutions to fight climate change or build a more sustainable society. This observation is also reflected in current trends in research funding. In modern society, energy-efficient technologies are marketed as having one of the biggest implications on reducing energy use and consequently emissions. However, in as much as advances in energy-efficient products naturally reduce emissions, through reduced energy demand, people's response to how they use the products (people's behavior) can offset the benefits through what is commonly known as the rebound effect (or take-back effect). Conservation and energy economists describe the rebound effect as the reduction in expected gains from new technological improvements and increased efficiency of resource use due to users' behavioral or other systemic responses [3, 4] . These responses usually offset the benefits of the new technology or other sustainability measures. To illustrate, when fuel-efficient cars are introduced on the market, it is logical to assume that without any change in driving patterns and behavior, there should be a drop in the amount of fuel use. On the contrary, fuel use remains the same and, in some cases, increases because with fuel-efficient cars people start to drive more, faster, and/or over long distances [5] . While the existence of the rebound effect is widely accepted, there is no agreement (even in the scientific community) on what really causes people to change their behavior, although some mitigation measures have been proposed [6] .
Another issue that hampers progress to impede climate change is public acceptability of environmental policies, which can be achieved in various ways. One way is to use nudging-positive reinforcement and indirect suggestions as ways to influence the behavior and decision-making of groups or individuals [7] . Nudging has been criticized for its ethical and practical issues, for being manipulative, patronizing, undemocratic, and culturally biased, among other things [7, 8] . Another way is to achieve public participation in pro-environmental behavior by use of affordancesrelationships that define possible uses of an object or make clear how it can or should be used [9] . Affordances couple internal factors (attitudes and knowledge) and the external factor (environment) as an enabling dynamic system for pro-environmental behavior [10, 11] . Nudging and affordances are external forces that can facilitate sustainable behavior, but the public's willingness to accept policies and support them in overt behavior depends on many factors [12] , although it is mostly driven by internal factors [13] . These internal factors include, but are not limited to, values and beliefs in human-nature relationships [14] [15] [16] and, according to Gifford [17] , "limited cognition about the problem, ideological world views that tend to preclude pro-environmental attitudes and behavior, comparisons with key other people, sunk costs and behavioral momentum, discredence toward experts and authorities, perceived risks of change, and positive but inadequate behavior change."
This paper proposes a new framework of the cognitive underpinnings of environmentally related human behavior. The framework, a cognitive abstraction of thought processes employed when making evaluations, suggests that many environmentally harmful behaviors, which may look different on the surface, may all be underpinned by a common mechanism. This mechanism may provide a plausible explanation of why people change their behavior after the introduction of energy efficiency measures and how this information can be used to market and label energy efficiency measures and technologies as well as environmental policies that may countervail rebounds.
A Cognitive Framework of Evaluating Environmentally Related Objects or Behavior
People's thinking and reasoning about climate change is biased and inaccurate in systematic ways [18] . Therefore, environmentally harmful behaviors often have their roots in cognitive biases and cognitive inabilities to understand the environmental impact, the effects of one's own behavior on the environment, and other means by which thinking and reasoning are biased [19] .
Cognitive bias is defined in this paper as a mistake in reasoning, or evaluating a problem, (i.e., climate change) because of limited cognitive capacity to process information even when the problem is understood. Herein, the definition makes a generalization without considering personal or individual preferences and beliefs. The mistake in reasoning is because the human brain adopts information-processing heuristics that tend to classify information based on dichotomies [20] , therefore attaching symbolic values rather than actual attributes to objects or behavior. Such heuristics are hard-wired tools in the brain, which makes information processing efficient, pragmatically successful, and inexpensive. At the same time, when the brain is confronted with a task that it is not well adapted to, these heuristics can result in erroneous thinking [21, 22] , mostly because the adopted heuristic leaves out valuable information, even when it is provided. As discussed herein, perhaps understanding climate change and the environmental impact of one's own behavior may be an example of tasks to which the brain is not well adapted Cognitive inabilities to understand the underlying mechanism of climate change promote cognitive misconceptions which may spill over through change of behavior causing rebound effects. To illustrate, people struggle to understand the stock-flow relationships governing carbon dioxide (CO2) accumulation in the atmosphere [23] . This is an example of the internal factor-"limited cognition about the problem" [17] . Understanding global warming requires an understanding of dynamic systems, that is, how the inflow and outflow of greenhouse gases interact via natural absorption and how these dynamic processes determine their concentrations in the atmosphere. One aspect people struggle to understand, even highly educated ones, is the systems' response delay; for example, CO2 accumulation increases even if emission cuts are made, only to stabilize when emissions equal atmospheric depletion or removal [24] . This is to say that trends of CO2 accumulation are hard to notice over a short period (e.g., a year or even a decade) but appear when extrapolated over a long period. It has been shown that people's understanding of CO2 accumulation can be improved with analogies [25] but often without much success [23] . It should be noted in this paper that cognitive inability to understand the problem is outside the focus of this communication.
Cognitive Misconceptions and Biases When Making Evaluations
One of the cognitive misconceptions is that environmentally friendlier objects are "good" for the environment rather than "less bad" for the environment-the "green is good": misconception [26] . Another misconception is that environmentally friendly actions can compensate for more harmful actions-the "green compensation" misconception [27] . The latter is grounded in social interactions as we have evolved to think we can balance good and bad social behavior, yet we seem to apply the same logic to how we interact with the environment [28] . Sadly, the green compensation misconception is being reinforced with an increase in campaigns such as climate compensation, that is, pay extra for climate-compensated flights, eating beef in "100% climate-compensated" restaurants [29] , and sustainable fast fashion which encourages customers to return old used clothes in exchange for shopping vouchers or discounts (encouraging more shopping), when retailers should instead encourage customers to buy fewer clothes considering the large environmental burden of the textile industry and how little recycled clothes contribute to new production [30, 31] .
These misconceptions have been shown in people's evaluation of environmentally related objects. Gorissen and Weijters [32] asked participants in a study to estimate the environmental impact either of a hamburger alone or of a hamburger in combination with an eco-friendly side dish. The participants assigned a lower environmental impact value to the hamburger with the eco-friendly side dish. The observed effect was named "the negative footprint illusion", whereby the addition of objects deemed "environmentally friendly" (the side dish in this case) makes people believe that the environmental impact is reduced (although the environmental impact of the sum of the two objects is larger than that of the single item).
Holmgren et al. [26] was able to show empirically why people make this mistake. Participants were asked to estimate the carbon footprint of a set of buildings across three conditions-a condition with 15 conventional buildings, a condition with 15 "green" buildings, and a condition with a combination of both 15 conventional and 15 "green" buildings. The environmental impact estimate of the condition with 30 buildings was lower than that of 15 conventional buildings and higher than that of 15 "green" buildings. The fact that estimates of the environmental impact of the 15 conventional plus the 15 green buildings fell between the other two conditions suggests that the environmental impact estimate is based on the average between conventional and "green" items in the set.
The same bias was observed when assessing people's understanding and beliefs concerning how periods of small emission cuts contribute to the total CO2 concentration in the atmosphere. In the study [33] , participants were asked to rate the atmospheric CO2 concentration for various time periods and emission rates, of which some periods were distinguished by the introduction or use of energy-efficient technology consequently having lower CO2 emission rates. The participants judged time periods with higher emission rates combined with a period of lower emission rates to contribute less atmospheric CO2 in total, compared to the period with high emission rates alone. The estimates appeared to be based on the average rather than on the accumulated sum. Moreover, the effect was robust for words such as "environmentally friendly measures", and when these words were dropped in the problem definition, the results showed a tendency towards an averaging bias but it was statistically insignificant. The study suggests that the averaging bias may make people exaggerate the benefits of policies or acts that push for small emission cuts and that the framing of policies or environmental measures may be an enabler to this erroneous thinking. The danger here is that the effectiveness of sustainability measures or policies or behavior that has very little impact on mitigating climate change can be overestimated and easily be accepted as solutions by the public. Additionally, how policies or sustainability measures are marketed influences how the public perceives the effectiveness of these measures.
One would think that people who are susceptible to the averaging bias lack the necessary knowledge or skills for environmental evaluation or impact assessments, consequently failing to understand the impact of their own behavior. A recent study [34] addressed this hypothesis by recruiting final year graduate students in energy systems who had knowledge of building energy systems and environmental assessments as these are extensively covered in their study program. The students were presented with two sets of buildings, each with an image typically used to present details of energy efficiency of buildings. One set had 150 buildings of the same type and with a given energy rating, whereas another set had the same 150 buildings but with an additional 50 "green buildings" with a better energy efficiency rating. Participants were asked to estimate the number of trees needed to compensate for the environmental burden of each set of building stocks due to their total energy use. The "experts" reported that the building stock with a combination of 150 conventional and 50 "green" buildings needed less trees compared to the set with only 150 conventional buildings, manifesting an averaging bias. The reported results implied that by introducing buildings with a much higher energy efficiency, participants assumed that these buildings were somehow offsetting the burden of conventional buildings, consequently reducing the total environmental burden of a suburb or building stock. When compared against students in social sciences with no academic training in energy-related fields, the bias was as large in magnitude for energy system students as it was for social science students. The results reveal that people with training or perhaps expertise knowledge may not be immune to the averaging bias, even when they have information necessary to make accurate judgments.
These studies show that when "environmentally friendly" items are added to a set of "regular" items, people's evaluation of the environmental impact of the combined set decreases because they adopt a mental averaging heuristic. They mentally assess the average of the environmentally friendly and less friendly members of the set, failing to take into account that, in this case, A plus B must necessarily be larger than or equal to A (here A and B refer to non-environmentally and environmentally friendly actions or objects, respectively). In principle, if B is negative, A plus B will always be smaller than A. This, however, is not how the environmental burden due to human actions works, because all actions/products always has a positive value that adds to increased consumption or emissions from/into the environment rather than removing from it, unless it is a system that directly captures or removes greenhouse gases from the atmosphere. Therefore, a set consisting of environmentally harmful and pro-environmental attributes will each have positive values reflecting a degree of emissions added to the atmosphere, A plus B should always be bigger than A or B. So, why do people average instead of summing up?
Cognitive Abstraction of Thought Processes When Making Evaluations
This section proposes a cognitive framework, "a cognitive abstraction of thought processes employed when making environmentally related evaluations of objects or behavior". The framework suggests that misconception and biases come about due to the adopted information-processing heuristic during evaluations. Figure 1 illustrates the framework of the adopted information processing heuristic. When a person is asked to make an evaluation or to estimate the environmental impact of objects or their own or other people's behavior, they produce an output based on the total set (i.e., combined environmental impact of environmentally and non-environmentally friendly objects or behavior). The thought process chain begins with stimulus input related to the question, which can be external objects in the surrounding environment or internal thoughts or memories. Here, the human brain analyzes the stimulus input's qualities and classifies them based on dichotomies, such as "good" versus "bad", "friend" or "foe", "environmentally friendly" or "harmful", "us" or "them", "virtues" or "vices" [20] . The brain then assesses the resources at its disposal to solve this task, and one of them is the averaging heuristic which is efficient and inexpensive. Thus, it applies the mental averaging information-processing heuristic to prepare the quantitative output-the environmental impact estimate. As a result, the output of this information-processing chain is the average of the items in the combined set (environmentally friendly and harmful objects) but not the sum of the items. The problem that people face here is categorization, similar to the problem concerning the environmental impact of objects in Holmgren et al. [26, 34] . When assessing the environmental impact of a set of environmentally friendly actions or behavior, the proposed framework suggests that people tend to overlook the quantitative details even when such is provided, but rather categorize attributes qualitatively and thus end up with an average of these objects or actions rather than the sum. By averaging, when people add the believed benefits of sustainability interventions and/or technological inventions to their self-view, they believe the environmental impact decreases. Therefore, the impact of environmentally friendly measures on the overall set ends up being overestimated. Consequently, people take many environmentally harmful actions with the view that these are being compensated for through some actions that they deem environmentally friendly. On the other hand, people may tend to overuse sustainable technological interventions while still believing that, overall, they are doing something good for the environment. The averaging bias, hence, could be the reason why people think they can act or do something to compensate for environmentally harmful behavior-compensatory green beliefs [27] .
An example, on the micro level, is when people in a grocery store add another set of "ecofriendly" fruit and vegetables to their basket with the purpose of reducing the environmental impact of the contents (beef or dairy products) of the basket, whereas the best way would be to instead remove items from the basket. Another example, on a grander macro level, are the decisions concerning how to create sustainable megacities for millions of people in the face of global population growth. From a sustainability perspective, the best thing to do is to provide living conditions and cultures that over time reduce consumerist behavior and, arguably, limit global population growth. In other words, the best solution is to reduce the source of the negative environmental impact (the contents of the basket) and simplify lifestyles to reduce the environmental burden of providing for a large population. Instead, people act to compensate for the source (buying more "eco-friendly" groceries or other products and building costly "environmentally friendlier" infrastructures, etc.).
Another form of environmentally harmful behavior are those related to rebound effects on energy efficiency or emission reduction measures. Rebound effects can take many forms, but researchers distinguish direct and indirect effects [35] . In the context of energy interventions, a direct rebound effect example would be a family that has purchased a new energy-efficient dishwasher, the so-called eco-friendly product, and that is likely to increase the number of uses of the product or to feel justified in increasing the use of another energy-demanding product in the house, which would offset the expected beneficial gains of reduced energy use and consequently CO2 emissions [36] . The eco-friendly product would reduce the environmental burden of the house if the behavior remained the same, but people may also begin to use the product more often leading to overuse. An indirect rebound effect occurs when, for example, people improve the insulation of their houses to reduce their heating energy bill [37] . The rebound occurs when the saved money is used to perhaps purchase new energy-using equipment (adds to the consumption) [38] or even to take on more greenhouse gas-emitting activities like flights abroad for vacations and tourism [39] due to the extra money obtained from energy saving. The rebound effect has previously been linked to what is called "moral licensing"-people feel they can justify a morally inappropriate behavior by adopting morally appropriate ones [40] . Here, particularly regarding direct rebounds, the suggested framework adds the view that the averaging heuristic could be one of the reasons why people end up adding or using an extra piece of energy-demanding equipment because they overestimate the benefits of the new efficient product.
The framework suggests that the misconceptions outlined herein as well as other related misconceptions may have their roots in the limited capacity of human information processing. Thus, it suggests that the cognitive underpinnings of rebound effects as well as moral licensing and the cognitive misconceptions about environmentally related objects and behavior come from the adopted mental averaging heuristic. The same mechanism can also explain other related phenomena such as the assumption that moral cleansing can be achieved by pro-environmental actions [41] .
Discussion and Conclusions
Understanding how people think and process information, particularly on matters concerning an important topic such as climate change, is important because it gives insights into how the public will receive, use, and behave regarding specific sustainability interventions. This communication proposed and explained that environmental harmful behavior may not necessarily be out of disregard but could have roots in cognitive processes adopted when making environmentally related evaluations of behavior or interventions. The framework suggests a range of testable hypotheses for future research. According to the framework, for example, people embrace the production and consumption of eco-labeled produce even if such consumption still causes an environmental burden. They also exaggerate and overgeneralize the benefits of sustainability interventions or energyefficient products and willingly accept policies of greenhouse gas emission cuts even if these cuts are insufficient for alleviating climate change, because they are likely to believe that small greenhouse gas emission cuts can compensate for past large emissions. Another interesting implication here is not how people accept or buy into policy changes but rather how the politicians perceive-and promote-their policy proposals. Likewise, companies that are reinventing themselves with a green marketing mix and eco-labeling strategies to gain market advantage [42, 43] , which are also likely to be adopted by carbon-intensive companies, may likely be viewed by the general public as adopting sustainable measures, while in reality these companies are not (an example here is the so-called sustainable fast fashion). The framework thus has implications for the success of sustainability interventions and policymaking.
Other areas of interest include an investigation on the extent and strength of the averaging bias on different behaviors or objects, as some are symbolic of sustainable and others of unsustainable lifestyles (ones with a strong public opinion). How do people perceive and evaluate these symbolic behaviors or other behaviors while they compete with their needs? Additionally, further investigation is needed to assess whether domain experts and professional decision makers demonstrate the averaging bias. Finally, what can we do to improve evaluations and decision-making by removing the bias? Can different ways of framing policy or, alternatively, labelling products reduce the effect on the carbon footprint illusion and the averaging bias? For example, one could drop the use of terms such as "eco-friendly", "eco-product", or "environmentally friendly", or related terms, and adopt a more representative approach that reflects the actual impact on the environment (e.g., a simplified form of life cycle assessment of an object).
From a broader perspective, an investigation is needed on how public opinion can be influenced to accept stringent sustainability measures while avoiding the pitfalls of the averaging heuristic. For example, the European Union is pushing a directive about a longer lifetime for products, which will result in decreased emissions due to raw material acquisition and production of goods [44] . How will the public respond to longer product lifespans? Considering we live in a circular economy and have a "throw-away lifestyle" [45] where it is commonplace to buy trendy clothes every month and new phones every year, will people be willing to use the products for longer and how will this influence their self-view and behavior?
In summary, the proposed cognitive framework assumes that many environmentally harmful behaviors are the emerging property of an averaging bias, which may imply an overestimation of emission reduction measures in people's judgement. When people see or otherwise experience "environmentally friendly" and "harmful" objects and/or actions in combination, their evaluation of the environmental impact of the total set is lower than the sum of the individual components, because they adopt a mental averaging heuristic. This heuristic is employed to facilitate human information processing in the face of difficulties, without accurately assessing the sum of a mix of "environmentally friendly" and "harmful" sources. This communication attempts to show the explanatory potential of this framework in addressing how averaging can explain several behavioral phenomena, including the "green is good" and the "green compensation" misconceptions, the negative footprint illusion, compensatory green beliefs, and rebound effects.
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